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Sa n t o s  F r a n c o ,
Introduction.
o b ta in e d  fro m  observa tions 
a lways a sub ject open to  dis-
T he  p rec is ion  o f an as tronom ica l po s itio n  
w ith  th e  va rious  types o f  p r is m a tic  astrolabes is 
cussion, b u t  we th in k  the re  is one m e thod  o f d ra w in g  some use fu l conclusions 
rega rd ing  th e  m a tte r. I t  is obvious th a t  we m u s t com pare th e  va rious  types 
o f  in s tru m e n ts  b y  considering th e  m a g n ify in g  pow er o f  th e  telescope in  each 
and th e  n u m b e r o f  tim es th e  same s ta r can be observed.
H . F aye , in  his w o rk  Cours d 'Astronomie, gives a fo rm u la , fro m  w h ich  
th e  p robab le  e rro r in  tim e  seconds can be ascerta ined in  th e  obse rva tion  o f a 
s ta r w h ich  crosses th e  th re a d  o f th e  telescope o f a tra n s it  in s tru m e n t. To 
com pute  w e igh ts  fo r th e  p o s itio n  lines, Claude and D rie n c o u rt, in ve n to rs  o f 
th e  p ris m a tic  astro labe, considered i t  s im ila r to  th e  tra n s it  in s tru m e n t and 
fro m  th e  Faye  fo rm u la  de rived  a n o th e r fo rm u la  expressing th e  w e ig h t o f a 
p o s itio n  lin e . T hough  th is  fo rm u la  w o u ld  be usefu l in  m a k in g  a com para tive  
s tu d y  o f th e  va rious p ris m a tic  astro labes，we have chosen an o th e r m e thod  
ead ing  to  m ore co n v in c in g  conclusions.
2. Theoretical comparison.
As we kn o w , a p o s itio n  lin e  is de te rm ined  b y  th e  a z im u th  o f  th e  observed 
s ta r，and b y  th e  difference betw een th e  ze n itha l d istance z, com pu ted  in  te rm s 
o f  th e  observed t im e  and th e  tru e  ze n ith a l d istance z0. I f  we ca ll d th is  d ifference, 
we have :
d =  z —  Zq (2a)
The  m ean e rro r ma o f  a single obse rva tion  fo r  d, w i l l  be ob ta in e d  fro m
n ^  =  m 〗+ m zao (2b)
w here and mZo are, re spec tive ly , th e  m ean erro rs  o f  a s ingle obse rva tion  
o f  z and z0. N o w , as th e  n o rm a l v isu a l a c u ity  is ab o u t 60", we can assume 
th a t  60〃 w i l l  be th e  la rges t e rro r to  be co m m itte d  in  th e  m easurem ent o f an 
angle, w ith o u t use o f  the  telescope, as th e  observer’s eye w il l  no tice  a n y  s h if t  la rg e r 
th a n  60〃. I f  th e  same angle is observed w ith  a telescope o f  m a g n ify in g  p ow er G， 
i t  is obvious th a t  the  la rges t e rro r co m m itte d  in  th e  obse rva tion  w il l  be 6 0 "/G ， 
and in  a series o f  observa tions, a ll th e  errors w i l l  l ie  be tw een zero and 士 60"/G . 
As in  a p ris m a tic  astro labe we see tw o  images m o v in g  in  opposite  d irec tions , 
w ith  a re la tiv e  v e lo c ity  tw ice  th e  ze n ith a l v e lo c ity  o f  the  s ta r, i t  fo llow s th a t 
we have th e  sensation o f  lo o k in g  th ro u g h  a telescope w ith  a m a g n ify in g  pow er 
2 G. T hen  we conclude th a t  th e  errors c o m m itte d  in  observa tions w ith  p rism a tic  
astro labes, w i l l  be com prised betw een zero and 士 N ow , i f  a ll observa­
tio n s  have th e  same w e ig h t, th e  p ro b a b ili ty  o f  c o m m ittin g  an e rro r com prised 
betw een zero and 15〃/G  (neg lecting  tk e  signs), w i l l  be 50% . T h e n , 土 IM /G  
is  the  p robab le  e rro r o f  a single obse rva tion . To  o b ta in  th e  m ean e rro r o f  
a single obse rva tion , i t  suffices to  d iv id e  th is  va lue  b y  0 .6745 , so th a t
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M oreover, th e  m ean e rro r mx is  th e  m ean e rro r in  z w h ic h  resu lts  fro m  
th e  one c o m m itte d  in  th e  tim e  obse rva tion . I f  we use an e le c trica l ch ronograph  
as tim ekeeper, we can assume a m ean e rro r o f  士 O s.l. The  m ean e rro r mK 
can be expressed b y
T, Sz m z =  1 5 --------- m t
St
w here (m t) is  th e  m ean e rro r o f  th e  t im e  o b se rva tion , g iven  in  t im e  seconds, 
and  8z / 8t  w i l l  be ob ta in e d  fro m  th e  p a r t ia l d e r iv a tiv e  o f
cos z =  s in  <p s in  S +  cos 9 cos S cos t
w here 9 , 8 and  t are, respec tive ly , th e  la t itu d e , th e  s ta r d e c lin a tio n , and th e  
h o u r angle o f  th e  s ta r. So we have
Sz .
：sm  A  cos 9
St
and i t  fo llo w s  th a t ,  fo r  m t =  士 Os. 1.
m z =  士 1 .5  sin A  cos 9 (2d)
N o w , we have fro m  (2b), (2c) and (2d)
495
G 2
+  2 .2 5  s in2 A  cos2 <p
w h ich  gives th e  square o f th e  m ean e rro r o f  a single obse rva tion  fo r  a p o s itio n  
lin e . I f  we have n  observa tions o f  th e  same s ta r, th e  w e ig h t o f th e  re su lt w i l l  be
1
Pd = ----- —  =  495 , 2 .2 5  s in2 A  cos2 9 (2e)
--- ----
n G 2 n
W e can com pu te  w ith  th is  fo rm u la  th e  w e ig h t fo r  a n y  p o s itio n  lin e  ob ta ined  
fro m  observa tions w ith  a n y  k in d  o f  p r is m a tic  astro labe. F o r th e  F rench  60°
S.O .M . astro labe we have G  =  80x  and  n  =  1, and fo r  th e  B r i t is h  Cook 45° as­
tro labes we have : fo r  th e  la rge  m ode l, G =  36x  and  n  =  8, and fo r  th e  sm a ll 
m ode l, G =  25x  and  n  =  6. T he re fo re , we have re spec tive ly  :
F re n ch  S.O .M . 60° astro labe :
1
Pd
B r it is h
B r it is h
0 .077  +  2 .2 5  s in 2A  cos 
Cook 45° —  la rge  m ode l :
1
Pd
(2f )
0 . 048 +  0 . 281 s in2 A  cos ę 
Cook 45° —  sm a ll m ode l :
1
Pd ,132 +  0 .3 5 7  s in 2A  cos9
E ach one th e  above fo rm u lae  can be represented b y  a curve  in  w h ic h  th e  o rd i­
nates represent th e  w e ig h t and th e  abscissae th e  values o f s in  A  cos <p. B y
a) F o r th e  same a z im u th , observa tions w ith  th e  large m ode l o f  th e  45° 
p r is m a tic  astro labe  are a lw ays m ore accurate  th a n  those made w ith  th e  S .O .M .;
b) The  re la tio n sh ip  be tw een th e  m a x im u m  and m in im u m  w eigh ts  is 
30.2 fo r  th e  S .O .M ., 6.9 fo r  th e  large m ode l o f  th e  Cook astro labe, and 3.7 fo r  
th e  sm a ll m ode l ; and so we see th a t  observa tions w ith  th e  la t te r  are th e  m ost 
homogeneous ;
c) P o s itio n  lines ob ta ined  fro m  observa tions w ith  th e  sm a ll 45° p ris m a tic  
astro labes are less accurate  th a t  those ob ta in e d  fro m  observa tions w ith  th e
S.O .M . 60° astro labes, fo r  a v e ry  re s tr ic te d  band  o f  az im u ths .
I t  shou ld  be p o in te d  o u t th a t  i t  is  n o t adv isab le  to  observe, w ith  th e  Cook 
45° astro labe , stars w ith  az im u ths  N E , N W , SE o r SW  n o t exceeding 25o, 
otherwise a large second order correction —  if  not one o f higher order —  would  
be necessary. A c tu a lly  i t  is a l im ita t io n  th a t  m akes th e  com parison o f  th e  
in s tru m e n ts  d if f ic u lt .  T o  o b v ia te  th is  tro u b le , w e th in k  i t  w o u ld  be su ffic ie n t 
to  com pare th e  astrolabes in  such a w a y  th a t a ll o f  th e m  cou ld  g ive  gcod resu lts  
fo r  d e te rm in in g  a p o s itio n  b y  th e  S a in t-H ila ire  m e thod . N o w , as we kn o w , 
a good p o s itio n  can be de te rm ined  b y  groups o f  p o s itio n  lines a t  r ig h t  angles, 
and  these groups can be fo rm ed  fro m  obse rva tion  o f  stars d is tr ib u te d  a t az im u th s  
45°, 135°, 2250 3150. As m a y  be seen b y  in sp e c tion  o f  fo rm u la e  (2 f) to  (2h), 
w e igh ts  v a ry  w ith  the  la t itu d e  and we are th e re fo re  fo rced  to  p a rtic u la riz e  th e  
com parison  fo r  a d e fin ite  va lue  o f  9. T hen , as th e  second te rm  in  th e  denom i­
n a to r o f  (2h) varies w ith  ç, m ore th a n  its  correspondents in  th e  tw o  o th e r 
fo rm u lae , we have chosen an a p p ro x im a te  va lue  o f  34°S fo r  th e  sou the rn  la t itu d e  
o f  B ra z il.  F o r these va lues o f  A  and  9 we have
F o r th e  S .O .M. 60° P d  =  1 .176
F o r th e  la rge  45° P d  =  6 .197
F o r th e  sm a ll 45° P d  =  3 .922
inspec tion  o f  these curves (F ig .2 A ), we can reach th e  fo llo w in g  conclusions :
These figu res  show th a t  fo r  <p =  34° —  i f  we observe stars near th e  chosen 
a z im u th s  —  th e  B r i t is h  astro labes are b e tte r  th a n  th e  F rench . T hen  i f  we 
observe 48 stars w ith  th e  S.O .M . astro labe , th e  re la tio n sh ip  betw een th e  w e ig h t 
fo r  th is  in s tru m e n t and th e  w e igh ts  fo r  th e  o th e r tw o  w i l l  show th a t  an e q u a lly  
accura te  re s u lt w i l l  be ob ta in e d  b y  observ ing  o n ly  a b ou t 8 stars w ith  th e  Cook 
la rge  m ode l astro labe and a b o u t 16 w ith  th e  sm all m ode l o f  th e  same m aker.
3. Second order correction.
The second o rder co rrec tion  to  th e  observa tions w ith  th e  B r it is h  p ris m a tic  
astro labes, com puted  w ith  th e  a id  o f  a g raph  p r in te d  b y  th e  B r it is h  H y d ro - 
g raph ic  D e p a rtm e n t, is g iven, we th in k ,  w ith  some la c k  o f accuracy. In te r ­
p o la tin g  b y  inspec tion  is h a rd  to  do in  th is  graph. The  co rre c tio n  is g iven , 
as we kn o w , b y  th e  p ro d u c t
— C X  K  (3a)
where C is a fu n c tio n  o f in s tru m e n ta l constants and th e  n u m b e r o f  tim es th e  
same s ta r is observed, and K  can be com pu ted  b y  th e  fo rm u la
K  =  co tg2 A  —  la n  9 co tg  A  cosec A
represented b y  th e  C artesian g raph  issued b y  th e  H y d ro g ra p h ic  D e p a rtm e n t. 
N o w  th is  fo rm u la  can be changed to
co tg 2A  =  ta n  cp co tg  A  cosec A  +  K
w h ic h  is o f  th e  fo rm
f ( X) =  F (y )  T (x )  +  O(z)
su itab le  fo r  nom ograph ic  re p resen ta tion . W e have th e re fo re  constructed  a 
nom ograph  w h ich  is easier to  use and w h ic h  gives m ore accura te  resu lts  th a n  
th e  Cartesian g raph. F ig .3 A  shows th is  nom ograph , to  be used a t th e  d iscre tion  
o f  th e  reader.
4. Refraction.
E v e r since i t  was in ve n te d  b y  C ap ta in  B a ke r, th e  45° p ris m a tic  astro labe 
has suffered severe c r it ic is m  because th e  a m o u n t o f  re fra c tio n  v a r ia tio n  w ith  
a tm ospheric  cond itions  is la rge r fo r  a 45° a lt itu d e  th a n  fo r  60°. I t  is the re fo re  
advisable  to  co rrec t observa tions w ith  45° p ris m a tic  astro labes fo r  th e  e ffect o f 
tem p e ra tu re  and b a ro m e tric  pressure va ria tio n s . I n  f ie ld  a s tronom y, th e  
a c tu a l re fra c tio n  r , can be expressed in  te rm s  o f th e  m ean re fra c tio n  r m b y
w here k is a fu n c tio n  o f  te m p e ra tu re  and  b a ro m e tric  pressure. I t  is obvious 
th a t  i f  we neglect th e  co rrec tion  —  as w e do w ith  th e  F re n ch  astro labe —  an 
e rro r w il l  be in tro d u ce d  th a t  is  expressed b y
Ar =  r m (k  —  1)
I f  we ta ke  fro m  th e  A nuário  do Observatório Nacional ( (B ra z ilia n  A s tro n o m ica l 
E phem eris) th e  values o f  r m fo r  60° and 45° a ltitu d e s  we have, respec tive ly , 
32〃.2 and 55〃.7. T hen , we conclude th a t  i f  te m p e ra tu re  and  b a ro m e tric  
pressure co rrec tion  is neglected, th e  e rro r o f  an obse rva tion  w ith  th e  45° as tro ­
labe w il l  be 55".7 /32〃.2, tw ice  th e  e rro r o f  an obse rva tion , u n de r th e  same 
circum stances, w ith  th e  60° astro labe. To  reduce th is  e rro r, th e  A dm ira lty  
M anua l o f Hydrographic Surveying  recom m ends th e  obse rva tion  o f  te m p e ra tu re  
and  b a ro m e tric  pressure, necessary fo r  th e  c o m p u ta tio n  o f  th e  co rrec tion .
A t  th e  B ra z ilia n  H y d ro g ra p h ic  Service we have a s im p le  nom ograph  to  
o b ta in , w ith o u t a n y  c o m p u ta tio n , A r in  te rm s o f  te m p e ra tu re  and b a ro m e tric
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F IG U R E  3A
Second  o r d e r  c o r r e c t io n  f o r  
A z im u th  f ro m  e le v a te d  p o le . K  c
1. Coefficient K  is read on the central scale by jo in ing
2. Sign of correction for zenith distance difference is the
CORREÇÃO DE 2A ORDEM PARA O ASTROLABIO DE
45° ASTROLABLE 
OEFFICIENT. LATITUDE.
la titude to azimuth w ith  a straight line, 
same as for K  as deducted from nomo-
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5. Conclusion.
T h o u g h  th e  th e o re tica l com parison makes us v e ry  co n fid e n t as to  th e  resu lts  
th a t  can be a tta in e d  w ith  th e  va rio u s  k inds  o f  in s tru m e n ts , we be lieve  th a t  
th e y  should be con firm ed  b y  p ra c t ic a l com parison on th e  p a r t  o f  experienced 
observers. B efo re  th is  is done, i t  h a rd ly  seems advisab le  to  g ive  a d e fin ite  
opinion, re g a rd in g  th e  in s tru m e n ts  re fe rre d  to  here in .
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